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Oncosiaiin M ( OSM) was initially identified as a polypeptide cytokine which inhibited 
the in vitro growth of cells from melanoma and other solid tumors. OSM shows significsmi 
similarities in primary amino acid sequence and predicted secondary structure to 
leukemia inhibitory factor (UF). ciliary neurotrophic factor tCNTF). granulocyte 
colony-stimulating factor (G-CSF), interleukin 6 (JL-6). and Jnterleukin JJ (IL-U), 
Analysis of the genes encoding these ' proteins 'reieah a shared exon organization 
suggesting evolutionary descent from a common ancestral gene. Recent data indicates 
that OS M also shares a number of In vitro activities with other members of this cytokine 
family. Vie overlapping biological effects appear to be explained by the sharing of 
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INTRODUCTION 

p Oncostatirr M (OSM) was initially described in 1 986 as a growth regulatory molecule 
which could inhibit the growth of certain tumor cell lines and stimgFate the'erowth of 
several normal fibroblast lines [I]. Recently, OSM has been recognized as a member of 
a growing family of pleiotropic cytokines which includes leukemia inhibitory factor 
(LIF), granulocyte colony-stimulating factor (G-CSF), ciliary neurotrophic factor 
(CNTF)and interleukin 6 (IL-6) [2,3]. A wide variety of biological activities have been 
attributed to members of this cytokine family which suggests that they play important 
roles in hematopoiesis, neuropoiesis, bone remodeling, cachexia, inflammation, muscle 
proliferation and embryonic development [for reviews see 4-6], Although* unique 
biological functions have been associated with individual members of the family, it is 
becoming clear that these cytokines share many common functions. This review will 
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focus on OSM and its structural and functional relationships with other members of 
the cytokine family. 

PROTEIN STRUCTURE OF OSM 

. . .9SM.w9S>ngJi>aJ«xiso&lpa; Crotn media conditioned by. U937 human histiocytic 
leukemia- cells induced to differentiate into macrdphage^ikc Cells' by treatment 4h- 
phorbpU2-myristate 13-acc.ate (PMA) [ I). A partial amino acid sequence was 
obtained which allowed the isolation of cDNA and genomic clones for human OSM 
using degenerate oligonucleotides.^. The human OSM gene encodes a 252 amino acid 
precursor polypeptide. N-terminal sequence analysis of the isolated protein indicated 
that the first 25 amino acids function as a signal peptide, which is subsequently removed 
during the post-translational secretory process, yielding a 227 amino acid pro-OS M In 
addition, the 31 residues encoded at the carboxy-terminus of the pro-OSM are 

. removcdbycleavageatatr y psin-likcsite(RSRR)resultinginal96aminoacidmature 
form [8].- The .196 amino acid OSM is the predominant form isolated from PMA: 
treated U937 cells and from expression of thehumancDNA in CMOcellst8J The OSM'-"' 
sequencecontains two potential Minked glycosylate sites and sites for O-linked 
glycosylate. The mature form of OSM migrates in SDS-PAGE with a" A/ -28 000 
daltons. The 227 amino acid pro-OSM has also been isolated from COS cells' and-is as 

. ;'actiye.as a. 196 residue mature OSM jn competition bjnding.assays, but was 5- to 60- 
fold less active in growth inhibition assays [9]. Although the 227 amino acid pro-OSM ' 
has not yet been found to occur naturally, it could have a distinct biological role Thus 
the regulation of post-translational processing of OSM may be important for its m vim 
function. ........ 

• The maturc OSM is Predicted to adopt a four alpha-hdical bundle structure similar 

• i^^^m^ ^e^h hormone [2^ s The :; hciical .domains of OSM are 

^^Si^^^S^^^S^^^^*^ regions is 

demonstrafed that discontinuous regions, including thc exceptibnally amphipathic C- 
terminal helix, are involved in receptor binding [I I]. OSM contains five cysteine 
residues with four-of them forming two intramolecular disulfide bonds as shown in 
Fig. I [U] The disulfide bond between the second and fifth cysteine residues links 

S/m, -Ji 6 ' Urn 5°" betWBC ' hdix ! and 2 and ^ necessary for the activity of 
OSM [llj. The disulfide linkage between first and fourth cysteine residues is not 
required for biological activity [I I J. The active form of the molecule is thought to be a 
monomer wuh no observed intermolecular disulfide bonding through the free cysteine 

GENE STRUCTURE OF OSM 

Analysis of OSM cDNA clones derived from human U937 histiocytic leukemia cells 
treated wuh PMA revealed an open reading frame of 784 nucleotides which encodes 
the 252 amino acid OSM precursor [7J. Northern analysis of poly A mRNA isolated 
rrom treated U937 cells demonstrated that the OSM mRNA is approximately 2,000 bp 
[7). 25 nucleotides of 5' non-codmg and 1,055 nucleotides of 3' non-coding sequences 
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. FIGURE I. Schematic representation of Jhecxoo boundaries within the proteinprecursors for human OSM |7| 
UF |4!|, CNTF |42|, G-CSF [43|, IL-6 |44| t lUll |45| andGH, The solid Unes represent the mature 
polypeptides and the shaded boxes represent the signal sequences. An arrow marks a proteolytic cleavage site 
within the C-lerminal region of OSM |9|. The sizes of the mature polypeptides are indicated. Tne positions of 
conserved cysteine residues are noted (Q and the known disulfide linkages are shown. The exon boundaries are 
denoted with dashed vertical lines and the phasing of the junction is given. 

? -haw ^r^^i^UfiedJn cDNA clones. However, no poly A tract was detected in the 

signal (AATAAA) identified in 

"present in ?^nc: gnomic Iclohe- (unpublished results). These results i suggest that a 
sequence different from the consensus AATAAA polyadenylation signal establishes 
the 3' end of the mRNA. The 3' end of the OSM cDNA contains an A + T rich region 
with- several ATTTA pemamer motifs and a TTATTTAT octamer motif which is 
involved in the regulation of the stability of many cytokine and lymphokine transcripts 
[12]. 

The expression of OSM mRNA is generaHy restricted to hematopoietic cells 
including phytohemagglutinin-activatcd peripheral blood T lymphocytes (13) and. 
lipopolysaccha ride-induced human monocytes (unpublished observation, K. Grab- 
stein and T. Rose). The expression of OSM mRNA is induced in U937 histiocytic 
leukemia cells upon treatment with the phorbol-ester (PM A) [7]. The only known non- 
hematopoietic spurce of OSM RNA is cells derived from AIDS-related Kaposi's cells 

■ m 

Threcexons containing the entire coding and non-coding sequences of OSM were 
identified from a genomic clone derived from human brain tissue [7]. The intron-exon 
junction sequences conform to the CT...AT rule for nucleotides flanking cukaryotic 
exon boundaries. The first exon contains 5' non-coding DNA and the'DNA encoding 
the initiating methionine and 10 amino acids of the signal sequence. The second exon 
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encodes the remainder of ihc signal sequence and the firsi 34 residues of the mature 
molecule The last exon encodes the remaining 1 93 amino acids and contains all of the 
3 non-coding sequences present in the cDNA clone. The entire human OSM ecno 
spans approximately 5 kb. h 

IN VITRO EFFECTS OF OSM 

The in vitro biological activities presently attributed to OSM are summarized in 
Table I As with most cytokines, these activities are diverse and, in-some cases appear 
contradictory. * KH 

TABLE I. Summary of in vitro properties of OSM. 
Solid tumor cells " — 

Inhibits the growth of-a solid tumor cells from a wide variety of sources [I 15] 
Hematopoietic cells 

Induces the differentiation of human and murine leukemia cells (2, i6J. 
Embryonal cells * . .. ..... ■ 

Blocks the differentiation of totipotent' mouse embryonic stem cclls'(24J. 
AlDS-relatcd Kaposi's sarcomacelts . • 

AI ^ al ^" d ^ inaut ^^ Paracrine fashion as a mitoge^o7 these cells (14. 26). * 
Stimulates the production of in these pells (1 4]. 1 1 

Hepatic cells 

Induces acute phase protein synthesis in HcpG2 alls (31)! ■ . 
Induces an increase in the number of LDL receptors on Hepfc2 cells (36 37) 
Fibroblasts x ' 

S '^™,oW e ^S. ° f Ur ° kiniSe - ty P e P^i^n "ctivator in synovial fibroblast-like cells from 

Su'mulatesmegrowthofseveralfibroblastceUu'oesfl 151 
Endothtiitl cells ' ... . ' 

Induce die production of in human umbilical vein endothelial cells (271 

In a J «S«,ir[5r b ° f ^ MhiCend0,l,e,U,Ct " 1 and sU,nu ! ales «« Produce plasminogen 



Cell Lines from Solid Tumors 



Treatment of a number of human tumor cell lines derived from a wide variety of 
tissue types with recombinant OSM leads to the inhibition ofproliferation and changes' 
incellular morphology [I, 15]. The majority of tumor cell lines tested show significant 
reduction .n growth in response to OSM treatment with a hair-maximal response 
obta.ned at concentrations of 1-50 p M , Inhibition ofproliferation was detected in a 
high proportion of lung carcinoma (5/6) and breast carcinoma (2/3) cell cultures 
Tumor lines from six colon and two prostate carcinomas were theexceptionwhere no 
response was detected even though receptors were present in most cases ( 1 5] 



Leukemia Cell Lines 



OSM induces the differentiation of murine Ml myeloid leukemia cells, an activity 
shared with a number of cytokines including LlF.JL-6 and G-CSF [2 16] Treatment 
with OSM induces the M 1 cells to take on characteristic macrophage-like phenotypes 
such as a reduction in the nucleus/cytoplasm ratio, the presence of vacuoles in the 
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cytoplasm and phagocytosis of £. coll OSM also causes an increase in the number of 
dispersed colonics in soft agar, another indication of the presence of the more mobile 
macrophage-Iike cells. 

OSM induces the differentiation of human U937 histiocytic leukemia cells in the 
presence of GM-CSF [ 1 6], as shown for LI F and IL-6 ( 1 7, 1 8]. Incubation of U937 cells 
with OSM alone docs not cause significant changes in colony morphology in soft agar, 
Hpwever^Vcd.mbinatidn.wfth.QM-CiSF, OSM causes- a .sigriifiqaflt; increase in the "" 
proportion of dispersed colonies, an indication of differentiation into macrophage-Iike 
cells. 

Embryonic Stem Cells 

Maintenance of the undifferentiated pluripotent phehotypeof embryonic stem (ES) 
cells in vitro is dependent upon the presence of either a feeder layer of fibroblasts or 
conditioned media obtained from cultured tumor cells [19,20]. The feeder layer or 
•conditioned medium can beTeplaced by theaddition of purified LIF [21,22]. ES cells 
grown in theprpsencfe f Qf LI.F \vil) ce.tain their characteristic morphology and the. ability, 
.to express stem cell-specific surface aritfgens,.such as those recognize'd by thelEGM A'-7 " 
monoclonal antibody [23], The ES cells maintainea in LIF can be implartfedL.in.to 
mouse blastocysts to produce chimeric mice. In culture, removal of LIF causes the ES 
cells differentiate into, a variety of cell* types with distinct morphological 
Characteristics. The differentiated cells no. longer express, stem .cell-specific antigens " 
[21,23]. Recently, OSM has also been shown to inhibit the differentiation of ES ceils 
cultured in vitro [24]. The results with OSM were equivalent to those obtained with 
LIF. The totipotent nature of the cells grown in the presence of OSM has not yet been 
demonstrated in vivo, however, these results implicate OSM as a. developmental 
regulatory factor for embryonic stem cells. 

Kaposi's Sarcoma Cells 

Aids-related- Kaposi's sarcoma (AIDS-KS) is a malignant, neoplastic prolifera- 
tion of mesenchymal cells and is the most common malignancy found in patients 
infected with human" immunodeficiency virus. (HIV) [25]. AIDS-KS derived cells 
have been shown to produce OSM which. then acts in autocrine and paracrine fashions 
as a potent mitogen for these cells [14]. OSM also appears to be required for the 
long-term maintenance of these cells in vitro [26]. OSM, intcrleukm I (IL-1) and 
tumor necrosis factor alpha (TNFcr) induce the production of IL-6 in AIDS-KS 
cells [14], similar to their effects on endothelial cells [27-30]. Since IL-6 is a 
mitogen for AIDS-KS cells, it was necessary to determine whether the effect of OSM 
on these cells is caused by induction of IL-6 as is the case for IL-1 and TNFcr. The 
activity of OSM appears to be independent of IL-6 induction since antisense IL-6 
oligonucleotides,, which blocked the effects of IL-l and TNFcr, did not block the 
proliferative effects of OSM [14]. The findings that OSM is necessary for the 
maintenance of the cellular phenotype and for the continued proliferation of AIDS- 
KS cells suggest that OSM may contribute to the pathogenesis and progression of 
Kaposi's sarcoma. 
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Hepatic Cells .(£ 

During acute inflammation, ihere is a significant change in the plasma levels of a M 

number of liver-derived proteins referred to as acute phase proteins (APP). These M 

proteins are induced by the actions of several cytokines on hepatocytes. OSM induces fl 

the samcset of.APP'Oype II) in human hepatoma HepG2 cells [3 1 J as I L-6 [32,33], IL-. If 
H [34j and LIF [35], however, the -level of induction, with OSM was greater than- with ' M} 
the other cytokines [31]. These results suggest thatOSM may play a role in regulating 
in (lam ma lory responses. 

The low density lipoprotein (LDL) receptor plays an important role in regulating the 4* 

level or serum cholesterol. OSM acts on HepG2 cells to induce an increase in the :0 

numberof LDL receptors [36, 17]. This increase in receptor number causes an increase M 

in the uptake of LDL-derived cholesterol which is thought to elevate intracellular free * H 

cholesterol levels and decrease transcription Tor key enzymes involved in the $| 

cholesterol pathway. The potential clinical significance of this result is demonstrated M 

by a recent study where similar effects on hepatic LDL receptor levels were observed in l?f 

vivovihtoi humans were treated.with hwtian growth hormone [3?], Wyt.okjne related to, M 
.OSM (see below). The growth hormone treatment resulted in a 25% decrease in serum " i»V 

cholesterol-levels, comparable to the. effects' of an established .hypoUpidernic drug * ?t 
(pravastatin or simvastatin). These results suggest that OSM may also be involved in 
regulating serum cholesterol levels. ' ^ 

Fibroblasts % f 

In contrast to tumor cell lines, fibroblasts from a variety of sources are induced to S 
proliferate when treated with OSM [I, I5J. Activated, synovial fibroblast-like cells, • z 
which are invasive cells present in inflamed synovium of rheumatoid. lesions, ^arc .. - 
stimulated by OSM to produce urokinasc-typc plasminogen activator (u-PA) PJJ^U?^ 

PA which nlflvs a mUIn thffnrrw«« AfrAiin^ii »..^A^^^-Jrr-o^L^lr_^i'^_ 



tissues and'synpvi^ 

plasminogen activator levels in response to OSM treatment [40]. These results suggest 
possible roles for OSM in regulation of vascular fibrinolysis and the pathogenesis' of 
rheumatoid arthritis. .. ■ ■ \ ; 

RELATIONSHIP TO OTHER CYTOKINES 
Gene Structure Comparison 

OSM shares amino acid sequence similarities, a common secondary structure and a 
similar gene structure with the cytokines leukemia inhibitory factor (LIF), granulocyte 
colony-stimulating factor (G-CSF), interleukin 6 (IL-6) and ciliary neurotrophic 
factor (CNTF) suggesting that these cytokines evolved rrorh a common ancestral gene 
[2, 3]. By similar criteria, these cytokine genes are also more distantly related to the 
growth hormone (GH) gene, and a number of other genes including prolactin, 
erythropoietin and interleukin 7 [2, 3]. As shown in Figs 1 and 2. the gene for 
interleukin II (IL-1 1) can'also be included as a member of this family of growth 
regulatory proteins. 
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I>«V£ Am,a ° 3Cid SeqUeflCe a,i 8 nm « nt of ^ mature poly^pt idesorthe humamand simian homolo^cs of 
OSM |7 and unpublished results), the human and rat homologues of IL-1 1 |45, 46\ and the human and murine 
homologues of LIF |41. 47|, CNTF |42, 48J, f>CSF |«, 49|. and I W |44 ( SOU Exon boundaries are denoted 
wth a vertical line. Residues occurring in two or more of the six different gene families (OSM, LIF CNTF C- 
CSF, IL^6 and IW I) are shaded and the cysteines are boxed. Unknown residues within the simian OSM 
sequence are denoted (.). - ;^3^; ..■;■■■-.■>;.■:/.•...• ' 

: . *■ . ■ ■ • ; • 

Pictographs of the gene structures for human OSM v LIF, G|ip^6 1L- 

, /.! 1 ! >^d.GH arc shown in Fig: I. OSM.and LIF ha^enmaii^r^llS wiih< 
mhtec cxons^parBted byJtwo intrbns^^ 

• identical in both genes. The gene for CNTF do« not 

♦ ihe first mtron found within the region encoding the signal peptide in the OSM and LIF 
genes. However, the CNTF gene has.an intron in a position analogous to the second 

, , mtrorr of bqth the OSM and' LIF-genes and lip splice junction' maintains the same 
phasing. 

In addition to the junctions found in OSM, LIF and CNTF, the genes for G-CSF, 
I L-6, IL- 1 1 and GH contain two additional intron-exon junctions within the region of 
th & final exon of OSM, LIF and CNTF. The phasing 0 r both of these junctions is 
identical in each gene. As indicated in Fig. I , the sizes of the corresponding exons ofthe 
seven different genes are quite similar, as arc the sizes of the final mature peptides. 

Amino Acid Sequence Alignment 

An alignment of the amino acid sequences encoded by the different family members 
is presented in Fig. 2. The analogous exon boundaries within the mature proteins were 
aligned and the amino acid sequence alignment was optimized. Significant amino acid 
similarity is delected between every sequence throughoui their entire codina reoj ons 
and obvious conserved sequence patterns "are observed. The greatest amWacid 
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similarities arc detected between OSM and LIT. and between OSM and C, rsr • u 
;!Pn^ ; na,e. y 22-29% identic, residues ,2). Who,: the cZZZ ^ SS^J 
l.kc ammo acids .s allowed, the sequence similarity rises above 30% The m«!, 
.mport.ni conserved motif is found within the C-terminal regions of Ihccy'tol L a „H 
contams the sequence, pattern A/V-F-Q-K/R-K/R-X-X-G-OV H, ^ 

motif. In the other sequences the aromatic nature 6f the-sccond residue Sc FY W 
conserved. w„h a Phe (F) residue present in CNTF. a Trp (W) residue Dresen, in M 1 
and IW ..andaT y r(Y)residue P resen, in HC. Another iLiS^^, ?^ 
L/M),salsopresen lI ntheC-ter m inalreaionofOSM G-CSF IL-6andOH a h k 
•he overall sequence similarities between mcmbers'of thf fami y 'f ,2 "'(fo SSf 
similar conserved motifs are observed throughout the entire -coding regions offi 
sequences. Secondary structure analysis of the primary amino acid sejuences for each 
cytokine : pred.es extensive alpha-helical configurations and each of the cy okines^s 

,l°J 0 ' m 3 f0 "" ,pha - he,ical bund,e P alterned after structure de,erm" ed 
for growth hormone by X : ray crystallography (51). • . °=»erminea 

'Chromosomal Localization ..." 

aeI h r„ ge t n fpT ° S , M I 3 ' bC . en l0Ca ' i2Cd l ° chrom ° s °™ 22 in the human"g7norne The 
gene Tor LfF has also been localized to chromosome 22 at 22q 1 ? (52 53) The ?fL*ll 
•thauhese two related genes ate present-on ^un^JS^SiJ!^l 
common evoluuonary origin for these genes. • ' suggests a , 

Receptors ■' . 

on ""s from a witje varied ofioin^l5^4l m 
genera cells frpTOor^endothelial origins 



with l-OSM showed that the majority of binding was to a 160kDa protein f541 
[55j. Addit onal stud.es have, shown that g P 130 isthe low affinity fonn of fhe S 
SflKlS- 56 If nd a««gPl30a n tibodies block Ihcgrowth inhibiTo^TfiSts ofblM 
[55]. Gpl30 is also part of both the LIF [56] and CNTF f571 reeentL r„ Jmv 
gp.30a.so appears to bepar, of the 1L-. . reciptorSnce .L-. c SSs to a prolein 
approximately the size of gpl30 (58]. protein 

m n A H C . Urr |, n V m0 . de l f0 L the reCept ° rS ° f the famii y members »'« ^own in Fig 3 In this 
model all the high affinity receptor complexes consist of combinations of receptor 
subumts which are related to each other and belong to an extended a 2 o 
hematopo^tin; receptor molecules [59. 60). Ligand specificity hSSJ^tS, 
affinay interaction with an "alpha" receptor subunit. The low affinity bindings Z 
though, .0 be sufficient to trigger a biological response. Interaction whh addi bna 
subumts creates the high affinity form of the receptor. In our mode, each rec oto 
complex include, ; two subunits whose cytoplasmic domains in.Trac t a to w s gna 
transduction. Where the alpha subunits have little or no cytoplasm c domain .hJ 
comp,exes include a, leas, two other subunitswith cytop.asmS^I^ZSs ^ 
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.binding the OSM receptor, OSM is able to bind io the LIF rccept jr. 



In the simplest case, the high affinity form of the G-CSF receptor is a homodimcr of 
theG-CSFreceptorsubunit(GCSFR)f(6IJ. In thiscase.GCSFRis responsible for both 
the specificity andsignaling. the high affinity LIFreceptor is structurally similar to the 
G-CSF receptor except it is a heterodimer of the 210 kDa LTF alpha subunit (LIFR), 
which binds LIF directly with low affinity, and gp 130 {56]. Both of these molecules have 
significant homology with GCSFR [62]. The.high affinity form of the CNTF receptor,, 
like the LIF receptor, includes single gpl30 and LIFR subunits plus a separate alpha 
V subunk(CKTFR)whichbindsCNT^direct|ywithlowaffi 

IL-6 receotor consists of the ILfiR'alnha cuhunir whi/>h u; n A* ir ha w Cjl+u _ 



,? receptor c6mplex^h;tains'-4w9^ v . .... . Mlw . 

family members [57] T however, this has not been demonstrated experimentally. 

OSM binds directly to its alpha subunit, gp!30, with low affinity (55, 56]. The 
remaining subunit(s) which interacts with gp 1 30 to create the high affinity form of the 
OSM receptor has not yet been identified. It is unlikely that the OSM receptor is a 
simple homodimer of gpl 30 since the high level expression of gpl 30 does not result in 
an increase in the number of the high affinity OSM receptors [56]. It seems more likely 
that the OSM receptor is structurally similar to the LIF receptor with gp!30 as the 
alpha subunit and a second subunit which is probably related to gpl 30, LIFR and 
GCSFR and has a cytoplasmic signaling domain. 

Human OSM competes with human LIF for binding to high affinity murine LIF 
receptors and chimeric LIF receptors on murine B9 cells expressing human LIFR[65). 
In both cases, human LIF binds with an affinity about five-fold higher than human 
OSM. Human OSM does not bind directly to the human LIFR subunit which binds 
human LIFwithlowaffinity[65). Receptors which bind OSM but not LIFare present in 
significant numbers on several human cell lines, but not on any of the murine cell lines 
tested to date [16, 24. 65). The biological effects of human OSM on murine cells 
described so far all appear io be mediated through the LIF receptor. The failure to 
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